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INTRODUCTION 

Research i s  cont inuing a t  t h e  Morgantown (West Vi rg in ia )  Energy Research Center, 
Energy Research and Development Administration, t o  develop a hot  gas cleanup process  
using s o l i d  regenerable  sorbents  t o  remove hydrogen s u l f i d e  from hot  (1000°-15000F) 
low-Btu fuel  gas made from coal .  A s u i t a b l e  process  i s  needed whereby s u l f u r  can be 
removed from low-Btu gases  so t h a t  high s u l f u r  c o a l s  can be u t i l i z e d  t o  provide c lean  
energy and meet t h e  environmental s tandards regula t ing  t h e  amount of  s u l f u r  re leased  
t o  t h e  atmosphere. Removal o f  hydrogen s u l f i d e  without cool ing t h e  gas would con- 
serve  t h e  heat  l o s t  in  conventional gas p u r i f i c a t i o n  methods, t h u s  increas ing  t h e  
thermal e f f ic iency  by 15 percent .  

The use o f  i ron  oxide t o  remove H2S from i n d u s t r i a l  gases has been prac t iced  f o r  
many years .  Indeed, research by t h e  Appleby-Frodingham S t e e l  Company during t h e  l a t e  
f i f t i e s  led t o  t h e  cons t ruc t ion  and operat ion o f  a p l a n t  desu l fur iz ing  about 2% mi l l ion  
cubic  f e e t  o f  coke oven gas per  day followed by cons t ruc t ion  o f  a 32 mi l l ion  cubic  f e e t  
per  day plant  before  opera t iona l  problems and economic c o s t s  shut down t h e  opera t ions .  
The crude coke oven gas was passed through a f lu id ized-bed  o f  s i n t e r e d  i ron oxide 
powder (-16 mesh + 100 mesh) where reac t ion  with HzS and FeaOn took p lace  a t  tempera- 
t u r e s  approaching 40OoC. 
95-98 percent o f  t h e  HzS from t h e  coke oven gas .  The p r i n c i p a l  problems encountered, 
a s  f a r  as t h e  use of i ron  oxide was concerned, were massive a t t r i t i o n  and replacement 
of  t h e  f i n e s ,  plugging and erosion of pipes  t r a n s p o r t i n g  t h e  i ron  oxide. These 
d i f f i c u l t i e s  encountered by t h e  Appleby-Frodingham process  have been overcome by 
placing t h e  i ron  oxide p a r t i c l e s  on a support ing matr ix  composed o f  f l y  ash,  o r  
s i l i c a ,  by thoroughly mixing t h e  two components, extruding t h e  pas te - l ike  mixture 
i n t o  1/4-inch diameter by 3/4-inch long cy l inders  and s i n t e r i n g  a t  1800OF. 

This  process ,  as repor ted  by Reeves et a1 (i), removed 

The chemistry involved i n  absorpt ion and regenera t ion  us ing  i r o n  oxide shows 
t h a t  i ron s u l f i d e s  a r e  produced when H2S r e a c t s  with Fe,O3 with t h e  empir ical  com- 
pos i t ion  approaching FeS1.5 

Fezon + 3H2S e. 2FeSl., + 3Hz0 

However, according t o  Imperial Chemical I n d u s t r i e s  Cata lys t  Handbook (2) , f r e s h  i r o n  
oxide is converted t o  FesOu i n  t h e  presence o f  hydrogen and a t  temperatures above 
650°F. Therefore, t h e  reac t ion  would be w r i t t e n  a s  

Fes04 + 4H2S 2FeS + FeS2 + 4Hz0 

During regenerat ion,  a i r  ox id izes  t h e  FeS and FeS2 t o  Fe30u and SOz: 

However, in  t h e  presence of  excess oxygen, t h e  Fes04 is  converted t o  FezOs. 
condi t ion e x i s t s ,  then upon t h e  s t a r t  o f  another  absorpt ion cyc le ,  some hydrogen i s  
consumed from t h e  raw producer gas while conversion t o  Fes04 i s  tak ing  p lace  

I f  t h i s  
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A review of t h e  l i t e r a t u r e  revea ls  t h a t  coke oven gases have been desulfur ized 
in  both f ixed  and f l u i d  beds of i ron oxide a t  temperatures up t o  752'F (1). 
e t  a1 (3) and Shul tz  (5) reported t h e  r e s u l t s  of  labora tory-sca le  investTgat ions of  
s o l i d  sorbents  t o  remove hydrogen s u l f i d e  from hot (1000~-1500°F), c lean ,  simulated 
low-Btu f u e l  gas. 
alumina t o  remove NOx and SOx f r o m  powerplant s tack  gases a t  temperatures approaching 
1000°F, using an in jec ted  stream of  synthes is  gas (CO + H a )  t o  reduce t h e  SOr t o  H z S  
and NO t o  N2 before passing t h e  f l u e  gases over t h e  c a t a l y s t .  
reported t h e  r e s u l t s  of  t e s t s  involving f l y  ash- i ron oxide and s i l i c a - i r o n  oxide sor -  
bents  t o  remove HzS from hot (1000°-15000F) low-Btu gases .  

Abel 

Clay and Lynn (5) repor ted  t h e  u s e  of i ron oxide supported on 

Oldaker e t  a1 (6,1,8-,2) 

EXPERIMENTAL WORK 

The Research conducted t h u s  far has been two-pronged; lab s c a l e  inves t iga t ions  
f o r  t h e  development o f  an e f f i c i e n t  sorbent  f o r  removing H z S  from hot low-Btu gases 
made from coal ,  and process development t o  i d e n t i f y  t h e  major parameters required 
f o r  scale-up design c r i t e r i a  u t i l i z i n g  d a t a  from bench s c a l e  operat ions up t o  9000 
scfh  gas flows. 

The absorbent research has been d i r e c t e d  toward t h e  development of sorbents  with 
t h e  following c r i t e r i a :  

a .  
b. Physical s t rength  requi red  t o  withstand handl ing;  
c.  Economic f e a s i b i l i t y ;  and 
d. Process feasibility--regenerability, form and composition and acceptable  l i f e .  

A t t r i t i o n  of  t h e  i ron oxide sorbent r e s u l t i n g  i n  unacceptable c a r r y  over and 

E f f i c i e n t  removal o f  HzS a t  temperatures above 1000°F; 

absorbent replacement, plugging or  foul ing  of  system components, l ed  t o  development 
o f  a more s u i t a b l e  matrix support f o r  t h e  i r o n  oxide.  Fly ash and s i l i c a  s a t i s f i e d  
t h i s  requirement and permit ted adequate gas contact  f o r  removal of H 2 S ,  while with- 
s tanding process temperatures. 

The next s t e p  toward t h e  development o f  t h e  sorbent  hinged on t h e  necessary 
preparat ion techniques required t o  s t rengthen t h e s e  sorbents  in  t h e  ca tegor ies  of 
H2S absorpt ion capac i ty  and e f f i c i e n c y ,  phys ica l  s t rength ,  and economic cos ts .  

Several t e s t s  were c a r r i e d  out t o  determine t h e  e f f e c t s  of  addi t ives  on t h e  
physical  s t rength  and absorpt ion c a p a c i t i e s .  
added t o  t h e  f l y  ash-iron oxide mixture produced a super ior  sorbent having good 
physical  s t rength  and absorpt ion capac i ty .  
oxide mixtures a s  both t h e  physical  s t r e n g t h  and absorpt ion capaci ty  were reduced. 
t h e  o ther  hand, us ing  sodium s i l i c a t e  as t h e  a d d i t i v e  produced an exce l len t  sorbent  
when using e i t h e r  f l y  ash o r  s i l i c a  a s  t h e  support mater ia l .  
t a b l e  1. 

I t  was found t h a t  one percent bentoni te  

This  was not  t r u e  when using s i l i c a - i r o n  
On 

Data a r e  shown i n  

Another major d i f fe rence  between t h e  support mater ia l s  is t h e  amount of  i ron 
oxide t h a t  can be admixed. 
ash was t h e  maximum amount t h a t  could be t o l e r a t e d  without reducing both t h e  physical  
s t r e n g t h  and t h e  absorpt ion capac i ty ,  whereas 45 percent  i ron  oxide could be added 
t o  t h e  s i l i c a  without any detr imental  e f f e c t s  on t h e  physical  s t r e n g t h  o r  absorpt ion 
capac i ty  o f  t h e  s i n t e r e d  sorbent .  
t h e  much higher H 2 S  absorpt ion c a p a c i t i e s  shown in t a b l e  1 f o r  t h e  s i l i c a  sorbents .  ' 

The temperature l i m i t a t i o n s  imposed on each type  of sorbent i s  s i g n i f i c a n t  

It was found t h a t  25  percent  i r o n  oxide added t o  t h e  f l y  

This  increased amount of  i ron oxide accounts f o r  

because of  t h e  highly exothermic reac t ion  t a k i n g  place during t h e  regenerat ion of 
t h e  sorbents .  Using f l y  ash a s  t h e  support mater ia l  imposes a temperature l i m i t a t i o n  
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Of 1500°F f o r  i h e  sorbent  t o  have a good l e v e l  of  absorp t ion  capac i ty  and l i f e  
expectancy. 
fusing c h a r a c t e r i s t i c  would cause l o s s  o f  pores  t h u s  c u t t i n g  down on sur face  a rea  
a v a i l a b l e  f o r  good gas  contac t  and eventua l ly  rendering t h e  sorbent  use less  f o r  
removing HIS from hot  producer gas. 

This i s  because f l y  ash a c t s  a s  a g lass - fus ing  a t  around 1500'F. The 

S i l i c a ,  on t h e  o ther  hand, has a much higher  fusion temperature  permit t ing 
higher temperature operat ion without a f f e c t i n g  t h e  a b i l i t y  of  t h e  sorbent  t o  perform. 
The recommended opera t ing  temperature  ind ica ted  by l i m i t e d  d a t a  i s  bel ieved t o  be i n  
t h e  range of 17000-18000F. 
t i o n  processes being developed a t  t h i s  time. 
c a r r i e d  out on o t h e r  than low-Btu gases does not  conta in  c o n s t i t u e n t s  detr imental  t o  
t h e  sorbent mater ia l  o r  reac t ions ,  t h e  two sorbents  could  be used on most coa l  g a s i f -  
i c a t i o n  processes e f f i c i e n t l y  and economically. 
from t h e  gas i f ica t ion  process may cause detr imental  e f f e c t s  especial ly .  i f  t h e  f ixed  
bed concept is u t i l i z e d ,  although t h e  l a b  s c a l e  i n v e s t i g a t i o n s  i n d i c a t e  t h e  carbon- 
aceous mater ia l  i s  burned o f f  during t h e  regenerat ion cyc le .  
work going on a t  t h e  present  t ime on hot p a r t i c u l a t e  removal from coal-der ived gases ,  
which i s  e s s e n t i a l  t o  pro jec ted  combined cyc le  and t u r b i n e  a p p l i c a t i o n s .  

This  range i s  well above most i f  not  a l l  coal  g a s i f i c a -  
Provided t h a t  t h e  present  work being 

P a r t i c u l a t e  mat te r  c a r r i e d  over 

There i s  much research  

Figure 1 is a flow diagram o f t h e  laboratory apparatus  used t o  t e s t  and eva lua te  
Generally, t h e  gases were metered i n t o  t h e  system t o  s imula te  

Coal was fed i n t o  t h e  system a t  r a t e s  up t o  
t h e  var ious sorbents .  
t h e  a c t u a l  composition o f  producer gas. 
500 grams/hr through t h e  carbonizer  t o  provide t h e  a c t u a l  t a r s  and p a r t i c u l a t e s  
found i n  producer gas .  
absorber containing approximately 700 grams o f  prepared sorbents .  The H 2 S  is moni- 
to red  at t h e  input  and output  of  t h e  absorber by means o f  t h e  Tutwiler  technique (E) 
t o  determine t h e  absorpt ion capac i ty  and e f f i c i e n c y  of t h e  p a r t i c u l a r  sorbent  being 
t e s t e d .  
by means of  e l e c t r i c  h e a t e r s ,  usua l ly  a t  1100OF. The gas  output  i s  a l s o  monitored 
by analyzers  f o r  CO and H2.  

Af te r  being preheated,  t h e  producer gas flows i n t o  t h e  

The temperature of  t h e  absorbent bed i s  maintained a t  opera t ing  temperature  

Li fe  expectancy i s  another  major parameter used t o  eva lua te  t h e  worth o f  a h igh  
temperature s o l i d  absorbent f o r  HzS removal. Therefore, an i r o n  oxide-f ly  ash 
absorbent was t e s t e d  on t h e  l a b  s c a l e  u n i t  using s imulated producer gas containing 
t a r s  and p a r t i c u l a t e s  t o  determine some degree of  l i f e  expectancy. Thi r ty  complete 
absorpt ion-regenerat ion cyc les  were completed on t h e  same absorbent .  I t  was found 
t h a t  t h e  recycl ing o f  t h e  sorbent  d i d  not a f f e c t  t h e  a b i l i t y  o f  t h e  sorbent  t o  remove 
HzS from t h e  hot  producer gas  maintaining an average absorpt ion capac i ty  o f  10 w t . -  
pct .  during t h e  t e s t s .  
condi t ion without any s igns  o f  physical  d e t e r i o r a t i o n  o r  caking between t h e  ind iv id-  
ual  sorbents .  Figure 2 i n d i c a t e s  t h e  sorp t ion  c a p a c i t i e s  achieved during t h e  t h i r t y  
runs. These t e s t s  were conducted a t  110O0F. Regeneration was accomplished by u s i n g  
12 scfh a i r  flow r a t e  through t h e  absorber  f o r  approximately two hours .  
regenerat ion,  t h e  bed temperature increased t o  1700°F momentarily i n  t h e  a c t u a l  wave 
f ront  o r  zone o f  reac t ion .  
without apparent harm, it is bel ieved t h a t  15000F would be t h e  highest  temperature 
f l y  ash-iron oxide sorbents  should be exposed f o r  optimum l i f e  expectancy. 
l i f e  t e s t s  a r e  now being conducted where an optimum sorbent  i s  recycled u n t i l  t h e  
H2S absorption capac i ty  decreases  s i g n i f i c a n t l y  so t h a t  b e t t e r  def ined l i m i t s  can be 
predicted.  
t e s t s  using t h e  f l y  ash- i ron oxide sorbent .  Note t h a t  t h e  H 2 S  absorpt ion e f f i c i e n c y  
is given using 400 grains/100 s c f  a s  t h e  break through l i m i t .  
be much higher using 150 grains/100 scf  a s  t h e  s topping point  f o r  absorpt ion.  

Upon completion o f  t h e s e  t e s t s ,  t h e  sorbents  were i n  excel lent  

During 

Although t h i s  temperature  reached 17000F momentarily, 

Further  

Table 2 shows t h e  t y p i c a l  da ta  from s i x  of t h e  t h i r t y  sorpt ion capac i ty  

These percentages would 

Further  t e s t i n g ,  using much higher  gas flows and increased  amounts of sorbent  
mater ia l  was bel ieved necessary t o  generate  da ta  t h a t  a r e  requi red  f o r  scale-up 
c r i t e r i a .  
designed, b u i l t  and i n s t a l l e d  a t  MERC f o r  t h i s  purpose. 

A 9000 s c f h  atmospheric producer and hot  gas cleanup f a c i l i t y  has  been 

8 1  



The general  o v e r a l l  range of  opera t ing  condi t ions  include:  

Space v e l o c i t i e s  500-3500 vol /vol /hr  
Coal feed r a t e s  60-200 I b / h r  
Pressures  3-15 p s i g  
Temperatures 600'-1 500°F 
Make gas flows 5000-9000 s c f h  
Gas analyses  CO-H~-COz-H~S-N~-CH~-COS-CSz-CzH~-Oz-SOz 

The o v e r a l l  flowsheet is shown i n  f i g u r e  3.  The d e t a i l e d  instrumentat ion has 
been removed t o  permit b e t t e r  understanding of  t h e  process .  Also, it is  well t o  
remember t h a t  p a r t i c u l a r  designs o r  instrumentat ion shown here  a r e  only t o o l s  needed 
t o  procure design c r i t e r i a  and n o t  n e c e s s a r i l y  t h e  approach t h a t  would be used f o r  
commercial appl ica t ion .  

A i r  and steam are fed  i n t o  t h e  16-inch diameter  producer through t h e  revolving,  
eccent r ic  g r a t e  i n t o  t h e  combustion zone t o  gas i fy  t h e  coa l .  The depth of  t h e  coal  
bed can be var ied  depending on opera t ing  condi t ions  required.  
depth averages about 32-36 inches.  An a g i t a t o r - s t i r r e r  mechanism providing cont in-  
uous v e r t i c a l  and c i r c u l a r  movement permits  s t i r r i n g  i n  var ious l e v e l s  of  t h e  coal  
t o  minimize agglomeration o r  break up voids  while running on bituminous coa l .  The 
coal  i s  choke-fed downward through t h e  c o a l  feed t u b e ,  t h e  length  o f  which es tab-  
l i s h e s  t h e  bed height .  From shakedown opera t ions ,  it has been necessary t o  r e v i s e  
t h e  coal  feed system. The extremely slow movement o f  t h e  coa l  through t h e  coal  
feed tube permitted t h e  coa l  p a r t i c l e s  t o  become somewhat p l a s t i c  o r  s t i c k y  and 
adher  t o  tube wal l s  eventua l ly  blocking c o a l  feed t o  t h e  producer. 
now being revised by feeding t h e  c o a l  through a pocket feeder  and metering screw. 
The bed leve l  w i l l  be  es tab l i shed  by t h e  speed o f  t h e  screw and monitored by nuc lear  
gauges s imi la r  t o  t h o s e  on t h e  MERC 42-inch diameter  p i l o t  s c a l e  producer (E). 

Normally, t h e  bed 

This system i s  

The make gas  e x i t s  from t h e  producer  i n t o  a standard-design r e f r a c t o r y  cyclone 
t o  remove the  l a r g e r  dust  par t ic les - -above  10  micron--and is  then piped i n t o  e i t h e r  
o f t h e  two absorbers ,  which a r e  loaded with f l y  ash o r  s i l i c a  supported i ron oxide 
absorbents .  
225 pounds of sorbent  would be used. 
900°F by maintaining t h e  s e n s i b l e  hea t  o f  t h e  e x i t  gas through i n s u l a t i o n ,  re f rac tory ,  
and t h e  c i r c u l a t i o n  o f  ho t  gases  from a gas- f i red  POC hea ter .  During regenerat ion,  
which i s  accomplished with a i r ,  t h e  hea t  from t h e  h ighly  exothermic reac t ion  i s  
c o n t r o l l e d  by d i l u t i o n  gases  and/or  t h e  n a t u r a l  heat-s ink e f f e c t  o f  t h e  r e f r a c t o r y  
l i n e d  vessel .  

For t e s t i n g  at 2500 space v e l o c i t y  using 7500 s c f h  gas flow, around 
The absorbent bed temperature i s  he ld  above 

The o f f  gases  from t h e  absorber  a r e  then  piped through a back pressure  regula tor  
and a metering o r i f i c e  t o  t h e  f l a r e  s t a c k .  

Three sampling p o r t s  a r e  loca ted  i n  t h e  flow system f o r  gas analyses .  One gas 
sampling poin t  i s  loca ted  immediately downstream from t h e  cyclone,  where t h e  raw 
producer gas is cont inuously monitored by a gas chromatograph. Another sampling 
poin t  i s  loca ted  downstream from t h e  absorbers  in  t h e  p ip ing  system handling t h e  . 
make gas. 
make gas a f t e r  passing through t h e  i ron oxide  sorbents .  
i s  loca ted  in  t h e  e x i t  gas p ip ing  car ry ing  t h e  SOa enriched stream t o  t h e  vent s tack .  
This  port  cont inuously monitors t h e  SOz concent ra t ion  i n  t h e  o f f  gas during regenera- 
t i o n  cyc le .  

This poin t  cont inuously monitors t h e  H.S concentrat ion remaining i n  t h e  
The l a s t  gas sampling por t  

Figure 4 i s  a c r o s s  s e c t i o n a l  view showing t h e  i n t e r i o r  arrangement of t h e  
producer. 
16-inch water cooled combustion zone, t h e  a g i t a t o r - s t i r r e r  mechanism, and t h e  coal  
feed tube.  

The most important p a r t s  a r e  t h e  e c c e n t r i c ,  cone crusher- type g r a t e ,  t h e  
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. Figure 5 i s  a c ros s  sec t iona l  view c f  t h e  r e f r a c t o r y  l i n e d  absorber which is 
12-lnches in s ide  diameter.  
UP flow fo r  regeneration. 

The absorber gas  flow i s  down flow during absorption and 
This  flow p a t t e r n  i s  p resen t ly  being reversed in  an attempt m; t o  prevent build-up of p a r t i c u l a t e s  on top  of t h e  sorbent bed. 

1 absorber and Passes through t h e  sorbent bed t o  provide t h e  heat-up necessary before 
the  Start  of an absorption cyc le .  As shown, thermocouple p o r t s  a r e  located 18 inches 
apar t  i n  order  t o  measure temperatures and t h u s  i d e n t i f y  t h e  wave f ron t  o r  zone mj react ion as i t  passes through t h e  sorbent bed. 

m] da ta  taken on t h e  l a b  s c a l e  apparatus.  

Preheated gas from a gas f i r e d  POC hea te r  e n t e r s  through t h e  bottom of the 

Preliminary da ta  generated t h u s  fa r  on t h e  bench s c a l e  u n i t  f a i r l y  well  p a r a l l e l s  

t h e  lower temperature extreme o f  616'F while using a n t h r a c i t e  coa l  provides almost t h e  
Same absorption capacity--6.43 wt.-pct. ,  al though t h e  space ve loc i ty  was increased 
from approximately 500 on t h e  l a b  u n i t  t o  2500 vol /vol /hr  on t h e  bench s c a l e  f a c i l i t y .  
A l s o ,  a s l i g h t l y  higher bed temperature of  6720F increased t h e  absorption capac i ty  by 
18 percent t o  7.62 wt . -pct .  
sorpt ion r e s u l t s .  
r e s u l t s  were obtained around 1500°F, t h e  l i m i t  of  t h e  f l y  ash- i ron oxide sorbents .  
Table 3 shows typ ica l  da t a  generated a t  these  lower temperatures on t h e  bench sca l e  

absorption i s  lowered. 
I ava i l ab le  in  the  immediate f u t u r e  a f t e r  shakedown operat ions and equipment design 
J modifications a r e  completed. 

For ins tance ,  t h e  da t a  generated while using 

81 
I This shows t h a t  increased temperatures give b e t t e r  ab- 

Previous t e s t s  on l abora to ry  apparatus showed the  highest  absorption 

The data ind ica t e  a l s o  t h a t  e f f i c i ency  decreases a s  temperature during 
More da t a  generated on t h e  bench s c a l e  f a c i l i t y  w i l l  be made 

. . .  

CONCLUSION 

@ 
The research r e s u l t s  t hus  f a r  i nd ica t e  t h a t  t h e  hot gas  cleanup process i s  an 

I acceptable  a l t e r n a t i v e  f o r  removing HzS from low-Btu f u e l  gases derived from coa l .  

1111 
The s o l i d  absorbents performed w e l l  at temperatures between 1000°-15000F. 

Further  engineering development is needed on hot p a r t i c u l a t e  removal and it i s  

> s tud ie s  a r e  a l so  being made on var ious r egene ra t ive  techniques,  using recycled S O a ,  
being in t ense ly  invest igated a t  t h i s  t ime by several  f i rms .  Several  independent 

f o r  instance,  t o  increase t h e  SO, concentrat ion in  t h e  e f f luen t  gas stream t o  permit 
more e f f i c i e n t  processing t o  elemental s u l f u r .  
geometry of t h e  absorber-reactor  a r e  being made with p a r t i c u l a r  emphasis on heat  
t r a n s f e r  mechanisms t o  handle the high temperatures  during regenerat ion.  
and moving bed concepts a long with t h e  f ixed  bed a r e  being evaluated and some t e s t i n g  

Engineering s tud ie s  concerning t h e  

Fluid bed 

m) programs a r e  already underway. 
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GAS METERING 
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FIGURE 2 .  - S o r p t i o n  C a p a c i t i e s  A c h i e v e d  D u r i n g  T h i r t y  
A b s o r p t i o n  R e g e n e r a t i o n  Tes ts  
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C O A L  

MAKE GAS 

T O  C Y C L O N E  

3" G R A T E  

D R I V E  S H A F T  
Q 4Ql. 

A I R  & S T E A M  

F I G U R E  4.  - 16-inch G a s  P r o d u c e r  f o r  B e n c h  S c a l e  H o t  

G a s  C l e a n u p  F a c i l i t y .  88 



CLEl  

RAW MAKE GAS 

1 =- SO., ENRICHED GAS 

REFRACTORY LINER 

IRON OXIDE 

ABSORBENTS 

THERMOCOUPLES 

GAS DISTRIBUTION PLATE 

AIR FOR REGENERATION 

PREHEAT GAS 

FIGURE 5 .  - 1 2 - i n c h  A b s o r b e r  Vesse l  f o r  B e n c h  S c a l e  

H o t  Gas C l e a n u p  F a c i l i t y .  
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Sorbent  Composition 

55% s i l i c a  f 45% FeZO5 

55% s i l i c a  + 45% FeZ03 + 
15 b e n t o n i t e  

6  m l  sodium s i l i c a t ; / l b  
55% s i l i c a  + 45% Fe20 + 

75% f l y  ash + 25% FeZ03 

75% f l y  ash + 25% Fez03 + 
1 %  b e n t o n i t e  

75% f l y  a sh  f 25% FeZ03 I 

10  ml sodium r i l i c u t c l l b  

' hys i ca l  S t r e n g t h  Sur face  Area H2S Sorpt ion Capacity 
lblem 31 75 ~T wt. -  C t .  

68 2 2 . 8  

16 0 . 9  11 .5  

59 1 . 5  10 .5  
I 

69 

TABLE 1 - D a t a  I n d i c a t i n g  E f f e c t  o f  A d d i t i v e s  O n  
S o r p t i o n  C a p a c i t y  a n d  P h y s i c a l  S t r e n g t h  

11.21 

15.91 

90.01 16.38 

91.LO 15.23 

109.38 

6.28 

5.15 

5 . n  

5.50 

6.m 

7.25 

501 

563 

510 

581 

529 

5b9 - 
T A B L E  2 - T y p i c a l  D a t a  F r o m  S i x  o f  T h i r t y  S o r p t i o n  

C a p a c i t y  T e s t s  

Time t o  break th rough , ,h r s  

Producer gas f low rate ,  scFh 7500.00 7322.94 

Space velocity, vo l /vo l /h r  

Gas t o  breakthrough,  s c f  34,975 40,992 

Tota l  HZS absorbed,  grams 6544.8 7711.2 

Weight percent  6 . 4 3  7.60 

Percent o f  t o t a l  82.61 82.07 
(us ing  100 g r a i n d l 0 0  s c f  
as breakthrough)  

T A B L E  3 - S o r p t i o n  D a t a  O b t a i n e d  D u r i n g  R e g e n e r a t i o n  
S t u d y  o n  B e n c h  S c a l e  H o t  Gas C l e a n u p  F a c i l i t y  

90 


